Background: Whether percutaneous microwave coagulation (PMC) is safe and effective for the treatment of symptomatic focal nodular hyperplasia (FNH) of the liver remains unknown. Methods: Between January 2006 and September 2015, sixteen patients with solitary symptomatic FNHs in the liver (the largest diameter less than 5 cm) were treated by PMC. The safty and effectiveness were analyzed. Results: There were 4 males and 12 females. All these patients suffered from upper abdominal pain. The FNHs ranged in size from 3.2 cm to 5.0 cm (3.9 cm ± 0.12 cm). All the PMC procedures were performed successfully. All 16 patients had symptomatic improvement after the treatment with no procedure-related morbidity or mortality. Among 16 patients, 15 (93.8%) patients with FNHs were assessed to be ablated completely by CT examination performed within four weeks after PMC treatment. One patient failed to follow up regularly, but showed up 2 years and 7 months later for suffering upper abdominal pain again with original FNH enlargement, and the patient received surgical resection of the FNH and achieved asymptomatic aftermath. Conclusion: PMC is safe and effectiveness for symptomatic liver FNHs. PMC should be considered to be an alternative modality for those solitary FNHs with less than 5 cm in diameter.
Introduction
Focal nodular hyperplasia (FHN) is the second most common benign liver tumor after liver haemangiomas [1] . * Corresponding author.
An incident of 0.31% was reported in a large autopsy study of 2270 cadaveric specimens [1] . Generally, FNH is thought to arise as a hyperplastic lesion in response to a preexisting arterial malformation [1] . Considering the indolent natural history of FNH, the rare chance of acute complications, and the fact that there is no potential for malignant change, patients with asymptomatic FNH should be treated conservatively [2] . Surgery or interventional management should be considered only for patients with persistent symptom attributable to FNH, or those with atypical lesions that have increased in size or changed their imaging characteristics that malignant process cannot be confidently ruled out [2] .
Elective surgery resection of the FNH has been thought to be the optimal treatment for symptomatic FNH because of its effective for symptom reduction, and also for it can confirm the diagnosis by histopathology for those uncertain FNH [3] - [6] . Nevertheless, surgery resection has the side effect of great trauma for patients and a certain complication rate. Twenty percent of the perioperative complication rate was reported, which include chest infection, subhepatic abscess, and wound infection [7] .
In the last two decades, image-guide percutaneous thermal ablation technique has emerged as a routinely treatment for liver tumor. The comparable overall survival rates and the advantage of mini-invasive compared with hepatectomy for small hepatocellular carcinoma (5 cm or less) have been well documented for this technique [8] [9] . As one of the most common used percutaneous thermal ablation technique, percutaneous microwave coagulation (PMC) has been widely used to treat liver malignant [10] [11] . Microwave coagulation system consists of a generator and a monopolar electrode connected to the generator that is introduced to the lesion through an access needle, applying a coaxial technique [12] . The devices use frequencies higher than 900 MHz (mostly 915 MHz and 2.54 GHz). PMC uses electromagnetic energy to create a rapid and homogeneous heating of tissue and subsequently coagulation necrosis [12] [13] . With the recently developed PMC technique, such as the application of an internally-cooled antenna, larger ablation volume can be achieved with fewer complications, such as skin burn [14] [15] . To the best of our knowledge, there has been no report published in the medical literature using PMC to treat symptomatic FNH. The aim of this study is to initially investigate the therapeutic effect of PMC for solitary small FNH (5 cm or less).
Patients and Methods

Patient Selection
This prospective study was approved by the ethics committee of the second affiliated hospital of Guangzhou Medical University. Between January 2006 and September 2015, sixteen patients with FNH received PMC. We selected those 16 patients for PMC in this study using the following criteria (selection process see Figure 1 ). 4. Those patients with FNH were considered unsuitable for percutaneous thermal ablation due to anatomic reason, or those refused to receive PMC. 5. Acute or active inflammatory and infectious lesions in any organ. 6. Acute or severe chronic renal failure, pulmonary insufficiency or heart dysfunction.
All 16 patients with symptomatic FNH were initially detected by transabdominal ultrasound (US) examination. Most of those FNHs appeared to be well-demarcated homogeneous hypo-or isoechoic lesion on US im-ages. A multi-phase contrast-enhanced computed tomography (CT) scan was carried out to make a more confident diagnosis. Typical finding on CT scan for FNH was regarded as the followings: well-circumscribed lesion with iso-or hypodense on non-contrast phase; homogeneous intense enhancement throughout the lesion in the arterial phase and iso-or hypodense in the portal venous phase, sometimes followed by gradual enhancement of the central scar on delays scans. For those patients with suspect FNH accompanied with symptoms, electrocardiogram and chest X-ray examination were routinely carried out to identify whether those symptoms were attributable to at cardiac or thoracic disease. Upper gastrointestinal barium meal or gastroscope was undergone to rule out chronic gastritis or peptic ulcer, ultrasound examination to rule out urinary disease or biliary disease. All those examination help to make a more confident judgment that the symptoms the patients suffered were attributable to the suspect FNH. Biopsy followed by PMC would be recommended for those symptomatic solitary FNH less than 5 cm in diameter.
Microwave System
The microwave system (MTC-3CA, Kangyou Medical, China) consists of a microwave generator which can produce 0 W -100 W of power at 2450 MHz, a flexible coaxial cable, a water-pumping machine and an internally-cooled needle antenna (2.0 mm in diameter and 18 cm in length). The needle shaft has a Teflon coating to prevent tissue adhesion. Inside the shaft, there are dual channels through which distilled water under room temperature is pumped by a peristaltic pump. The flow rate of the distilled water was 60 ml/min that can effectively prevent overheating of the shaft. The radiating segment of 3 mm is embedded on the shaft, 12.5 mm away from the tip.
PMC Procedure
All patients underwent PMC at the second affiliated hospital of Guangzhou Medical University. All patients were informed the details and potential complications of the PMC procedure and signed the informed consent form. All PMC procedures were performed with real-time US guidance (EUB-2000, Hitachi Medical Systems, Tokyo, Japan) by a single interventional radiologist (H.H.L), who had 6 years of experience in interventional therapy at the start of the study in January 2006. The patients were placed in the supine position. A local anesthetic, 1% lidocaine (Harvest pharmaceutical Co, LTD. Shanghai, China), was injected from the insertion point on the skin to the peritoneum, along the planned puncture track. The skin was incised with a small lancet, and the internally-cooled needle antenna was advanced to the chosen area. A detailed protocol was worked out for each patient on an individual basis before treatment, which included the placement of the antennas, power output setting, emission time and appropriate approach. In general, for tumors less than 3.0 cm in diameter, a single antenna was used, for tumors 3.0 cm or larger, multiple overlapping antenna deposition described by Chen et al was used [16] . An output setting of 60 W for 300 seconds was routinely used during each ablation session. When all sessions completed, needle track ablation was routinely carried out to prevent bleeding. Conscious analgesic sedation with intravenous fentanyl citrate and droperidol was induced before the procedure.
Follow-Up and Therapeutic Effect Evaluation
Generally, a dual-phase contrast-enhanced spiral computed tomography (CT) will be carried out four weeks after PMC. Those completely ablated zones appeared as non-enhancing areas of low attenuation at contrast-enhanced CT images which represented coagulation necrosis. Incomplete ablation was considered to be present on the first CT assessment at four weeks after treatment if enhancement areas were seen within the index FNH at either the arterial or the portal venous phase. Repeat PMC or other treatment options which include surgery resection will be offered according to the patient symptomatic improvement or the FNH enlargement.
Complications were stratified according to the Clavien classification of postoperative surgical complications [17] . Major complications were defined as complications with Clavien classification Grade II or higher, which resulted in an unplanned increase in the level of medical care, prolonged hospitalization, permanent adverse sequelae, or death.
Results
There were 4 males and 12 females. All these patients suffered from upper abdominal pain. Their ages ranged from 20 to 45 years (34.4 ± 1.67 years). The tumors ranged in size from 3.2 cm to 5.0 cm (3.9 cm ± 0.12 cm) ( Table 1) . All these sixteen patients have normal hepatic function of Child-Pugh class A, and normal of AFP levels (<25 ng/ml), and no history of hepatitis.
Technical Success and Safety
All the procedures were performed successfully. There was no major or early complication, periprocedural death, or delayed complication in this study. Moderate fever (<39˚C) developed in only one patient and the fever resolved three days after the ablation. Minor insertion point pain happened in all patients and dismissed in one to six days after PMC without medication release.
Treatment Effectiveness
Among 16 patients, 15 (93.8%) patients with FNHs were assessed to be ablated completely by CT examination performed within four weeks after PMC treatment. These completely ablated zones appeared as non-enhancing areas of low attenuation at contrast-enhanced CT images which represented coagulation necrosis (Figure 2 ). They involuted gradually over time. One patient failed to follow up regularly, but showed up 2 years and 7 months later for suffering upper abdominal pain again. A larger suspect FNH lesion with the diameter of 6.1 cm was detected at the original site of the left lobe of the liver on CT scan (Figure 3) . A non-enhancing area at all * Couinaud segmental classification; ** The patient had complete symptomatic improvement after the treatment of PMC, but failed to follow up regularly and the ablation effectiveness could not be determined. She showed up 2 years and 7 months later for suffering upper abdominal pain again. A larger suspect FNH lesion with the diameter of 6.1 cm was detected at the original site of the left lobe of the liver and received surgical resection.
CT phase was within the FHN. We cannot determine whether it is a new FNH or an incomplete ablated FNH because the patient has no comparable CT images early after PMC. Also as the lesion show character of enlargement compared with the original FNH, surgical resection was advised to the patient and the lesion was removed. FNH was confirmed by pathology again and the non-enhancing area was necrosis zone.
Discussion
Percutaneous thermal ablation served as the treatment for FNH was firstly introduced by Hedayati P and his co-worker in 2010 [18] . The authors reported a 21 years old woman who was taking oral contraceptives for severe dysmenorrheal suffered right upper quadrant pain due to the liver FNH. This patient had a solitary 2.2 cm FNH located in the Couinaud segments VII and VIII. CT-directed percutaneous radiofrequency ablation was successfully performed with no morbidity or mortality. Symptomatic improvement was achieved after the RFA and maintained for at least 2 years which allowed the patient to receive more aggressive management of other discomfort. The study indicated that except for surgical resection, percutaneous thermal ablation offers more options for this set of patients with symptomatic FNH with the advantage of less invasive.
This study showed that all sixteen patients had symptomatic improvement after the treatment with no procedure-related morbidity or mortality. Safety and effectiveness of PMC in the treatment of FNH were demonstrated in this study. Base in the experience achieved by this study, we assume that local thermal ablation serves as the preferable treatment for symptomatic FNHs is credited by the followings: Firstly, as some authors has reported that most FNH nodules are usually solitary [1] [19] , and with the diameter range between 40 mm to 50 mm [20] [21], which is the best indication for percutaneous thermal ablation [8] [9] . With the latest technique, most ablation electrode or antenna can create a necrosis zone at about 5 cm in diameter in a single treatment session which is large enough to cover this set of benign liver tumor. Secondly, as we all know, local tumor progression after treatment for malignant tumor is a major concern for thermal ablation [8] [9] . Most local tumor progression is caused by incomplete ablation. In order to achieve complete ablation, ablation zone is required to be large enough to cover the index malignant tumor with a safe margin of at least 0.5 cm. FNH is a benign tumor with rare potential malignant change [2] . It is not necessary to achieve a large cecrosis zone with such a safe margin, which means thermal ablation is more feasible technically for treating FNH than malignant tumor. Thirdly, compared with partial hepatectomy, PMC has the advantage of being less invasive. The patients can recover sooner and better cost-effective treatment is achieved.
As is indicated in this study, most solitary FNH less than 5 cm can be completely ablated by PMC, but for those incompletely ablated FNHs, a repeat PMC is a reasonable choice but not necessary. It depends on the symptomatic improvement. If the patients is asymptomatic after the previous PMC, and the diagnosis of FNH is confirmed by pathology achieved by biopsy before PMC, it is not necessary to perform a repeat PMC for the residual FNHs. Regular follow up is preferred. But for those with symptom due to the enlargement of the FNH during the follow up, especially when malignant transformation cannot be completely excluded in radiologic images, repeat PMC or surgical resection should not be hesitant.
This study has the limitation of very small study population. This is because of the relatively low incidence of the FNH and most FNH is asymptomatic which does not require medical intervention. But even with such a small study sample, the effectiveness of the PMC was fully demonstrated. Owning to the advantage of being less invasive, PMC should be considered to be a modality for symptomatic FNH, especially for those FNHs less than 5 cm.
Conclusion
PMC is safe and effectiveness for symptomatic liver FNHs. PMC should be considered to be an alternative modality for those solitary FNHs with less than 5 cm in diameter.
